An epithelial receptor for the Lactobacillus surface adhesion factor was isolated and purified from mucus of the gastrointestinal tract of SPF chickens, using chromatography. The purified protein was analyzed with discontinuous, native gel electrophoresis and binding assay with cultured intestinal epithelial cells. A single band was obtained after purification. The molecular weight of this band was about 60 KDa. The purified protein inhibited the attachment of Lactobacillus to intestinal epithelial cells, suggesting that it is the gastrointestinal receptor for the surface adhesion factor of Lactobacillus.
INTRODUCTION
Under normal physiological conditions, a large amount of bacteria are attached to the surface of gastrointestinal epithelial cells in animals, forming a bacterial biofilm [1] [2] [3] . The biofilm is very important for animal immunity, defense, and nutrient absorption. When animals suffer from diarrheal diseases, the normal adhesion is destroyed, causing disturbance of gastrointestinal microflora. The adhesion of normal bacteria to epithelium is mediated by the interaction between adhesion factor from the epithelial cells and the receptor from the surface of normal bacteria [4] [5] [6] . Using advanced protein isolation, purification and identification technologies, we successfully isolated from the gastrointestinal tract of SPF chickens an epithelial receptor, determined the molecular weight and adhesive activity. These results provided resources for studying interactions between normal microflora and the host, and provided valuable data for the development of animal microecology. The existence and activity of adhering factors in normal bacteria (for example Lactobacilli) await further study.
MATERIALS AND METHODS

Materials
Intestinal Epithelial Cells
CaCo-2 cells were purchased from Shanghai Institute of Cell Biology.
Cell culture: cells were cultured with DMEM (pH 7.0 -7.2) supplemented with 10% calf serum, 1000 IU/L penicillin, 100 μg/L streptomycin, in an incubator with CO 2 maintained at 5%. When sufficiently attached to the culture flask, cells were washed with phosphate buffered solution (pH 7.4), digested with digestion solution (0.02% EDTA:D-Hanks solution = 10:1, without Ca 2+ and Mg 2+ ) for 20 -30 min. The digestion was stopped before cells detaching from the culture flask by inverting the flask for 3 min. Digestion solution was removed, and 10% DMEM (DMEM containing 10% serum) was added to the flask, mixed thoroughly, split to new flasks.
DMEM Medium
Medium was purchased from Invitrogen. Calf serum was purchased from Beijing Dingguo Biotechnology Inc.
Lactobacillus
Lactobacillus (SDnA) was isolated from SPF chicken (purchased from Shandong Poultry Institute) by Microbiology Laboratory of SAU.
Protein Chromatography System
REC5004V 18 system was purchased from Phamarcia (Sweden).
Spectrophotometer
UV-2000 spectrophotometer was purchased from Unico (Shanghai) Instrument Inc.
Methods
Sample Collection and Treatment
Ten SPF chickens of 130 days old were sacrificed after fasting for 8 -10 h. Mucus (10 ml) from the crop and small intestine was collected by scraping the surface. Mucus was diluted with saline (1:2), spun at 5000 rpm, 4˚C for 15 min. Supernatant was saved for future use.
Extraction of Receptor Protein
Sansonetti PJ (1991) indicated that molecular weight of the receptor of Shigella flexneri virulence is about 40 -60 kDa. Thus, the 30% saturated ammonium sulfate method was used to extract the protein. The extracted precipitate was dissolved in 3 ml of 0.01 mol/L (pH 7.4) phosphate buffered solution, dialyzed in phosphate buffered solution to remove (NH 4 ) 2 SO 4 , concentrated with PEG-6000 until 1 ml. Protein concentration was calculated after OD260 and OD280 measurement. Samples were stored frozen until use.
Purification of Receptor Protein (Sephadex
Chromatography) Sephadex 50 was swollen in water, mixed and packed in a column (1.2 × 100 cm). After equilibrating the column with phosphate buffered solution (0.01 mol/L, pH 7.2), the receptor protein crude extract (1 ml) was loaded, then, eluted with phosphate buffered solution (0.01 mol/L, pH 7.2) at 0.2 ml/min. Each peak (280 nm) was collected separately and frozen until use.
Identification of Receptor Protein
1) Discontinuous polyacrylamide gel electrophoresis analysis was performed according to Wang J. Z. (2002) to analyze the products of crude extract (by ammonium sulfate method) and fine extract (sephadex 50 method).
2) Adhesion and Adhesion Inhibition Test: Coverslips were put in 24-well culture plates, then CaCo-2 cells were seeded in the plates and cultured for 2 -3 days. 200 μl of Lactobacillus cultured for 48 h were added to each well (3 parallel samples), incubated for 24 h. Another plate was treated with 200 μl Lactobacillus (prepared by incubating 1000 μl culture with 200 crude and fine extracts separately) for 24 h at 37˚C in a incubator, each with 3 parallel samples. Then, coverslips were taken out of the plate, washed with phosphate buffered solution (pH 7.4) several times, dried naturally, fixed with methanol, stained with Gram stain, examined under microscope (examining 50 cells, counting the number of Lactobacillus attached to each cell).
Statistics
Between treatment were assessed utilizing with the ANOVA procedure and Duncan's Multiple Range Test was used for multiple comparisons analyze the treatment effects adherence to the cells.
RESULTS
Adhesion Factor (Receptor Protein) Extraction
A total of 10 ml of mucus was collected from the gastrointestinal tract of 10 adult SPF chickens. Epithelial adhesion factor was extracted with 30% saturated ammonium sulfate method, resulting in 1 ml receptor protein (24 mg/ml).
Purification of Adhesion Factor (Receptor Protein)
Three clear peaks appeared after sephadex-50 chromatography (Figure 1 ). Protein solution (5 ml) was collected from each peak.
Identification of Adhesion Factor (Receptor Protein)
Electrophoresis was performed to analyze the crude (30% ammonium sulfate) and fine (sephadex 50 chromatography) extracts of adhesion factor (receptor protein). Results were shown in Figures 2 and 3. Table 1 .
Adhesion and Adhesion Inhibition Test
1) How the crude extract influences the adhesion of Lactobacillus to intestine epithelial cells was shown in
Results in Table 1 suggest that the 30% saturated ammonium sulfate extract contains the adhesion factor (receptor protein). This provides the basis for further purification.
2) Table 2 shows the effect of collected 3 peaks after sephadex chromatography on the adhesion of Lactobacillus (Figures 4 and 5) . Table 2 shows that the three elution preparations displayed large differences in their influence on the adhesion of lactobacillus. Peak 2 had the best effect, suggesting this peak contained the epithelial receptor for adhesion factor (receptor protein). have been reported. Using hydrochloric acid SDS polyacrylamide gel electrophoresis method, John (1991) analyzed the receptor protein from swine mucus for E. coli K12 (K88ab) and found the receptor was a 40 -42 kDa complex. Sansonetti (1991) demonstrated that receptors for E. coli on intestinal epithelium were 62 and 48 kDa [7] . There are no data available for intestinal epithelial receptors of the beneficial bacterium Lactobacillus. Results from our study indicate that the receptor in the chicken for lactobacillus is 60 kDa. In addition, Sellwood R. (1980) showed that monosaccharide and polysaccharides can inhibit the adhesion of K88 antigen to intestine epithelium [7] . This area needs further study [8] [9] [10] .
There are many receptors in intestinal epithelial cells for normal and pathogenic bacteria. Some of the recap- tors have similar molecular weight. In the current study, mucus from SPF chicken was used, which excluded the interference of receptors for pathogenic bacteria. In addition, the identification and purification of epithelial receptor for Lactobacillus were performed by the method of using a purified Lactobacillus adhesion protein and cell combination. This method is relatively good. Studies on the molecular weight of receptors for normal microflora are important for the improvement of adhesion of normal bacteria and the mechanic investigation. Knowing the genes for adhesion proteins, the extracted proteins can be further analyzed by expression. It is necessary in the future to determine the structure, sequence and expression of receptor proteins.
